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VORTICAL  INTERACTION  OF  A SPATIAL  LAMINAR  BOUNDARY  LAYER  ON  A CIR- 
CULAR CONE  WITH  THE  EXTERNAL  (NONVISCOUS)  FLOW  AT  SUPERSONIC  SPEEDS 
3.  M.  Bulakh 

lie  have  detected  the  phenomenon  of  a vortical  interaction  of 
a boundary  layer  and  external  flow  vr  1th  moderate  supersonic  speeds. 

It  was  shov/n  that  for  a circular  cone  the  Phenomenon  of  vortical 
interaction  is  described  by  a sol f-model inp  solution. 

We  are  examining  the  problem  of  a boundary  layer  on  a circular 
cone,  streamlined  by  a uniform  supersonic  flow  of  gas  under  the 
angle  o i attack  •*.  The  author  established  earlier  (in  a work  pub- 
lished at  the  MZhG)  that  in  a system  of  spherical  coordinates  r, 

8.  if.  where  axis  e = o coincides  with  the  axis  of  symmetry  of  the 
cone,  the  behavior  of  density  component  of  speed  u,  w , in  the 

direction  of  an  increase,  respectively,  of  r and  <(  in  the  vicinity 
of  the  surface  of  the  cone  is  determined  by  the  formula 

I ...  ' 

e * (l) 

t * 

where  u.  »•;  f0.  /■,  - some  functions  of  <r;  - angle  of  the  par- 

j 

tial  openAng  of  the  cone;  B - the  constant  which  in  the  majority  of 

_ LkJ 


1 


cases  is  less  than  a unit;  a dotted  line  designates  the  members  of 


a higher  order  of  smallness  with  respect  to  h w„  than  those 
given,  ^or  cases  of  B<<1  the  nonviscous  flow  near  the  surface  of 
the  cone  whirls  powerfully,  which  renders  a significant  Influence 
on  the  boundary  layer.  If  Re  is  the  Reynolds  number  of  the  problem, 
F=(Rt)-V^  then  in  the  system  of  coordinates  where  s is  read  off 
from  the  top  of  the  cone  along  its  generatrix,  n - along  the  normal 
to  the  surface  of  the  cone,  the  solution  to  the  problem  on  the 
boundary  layer  has  the  form: 

- O’lO.?)  + * * *-*’«•,  ( C,?)  f o(t»  ), 

V ~ pT  ***"*•  ) j, 

- • V ) 

T » .*;(  4, : ) — t - S • t-  ( ; > — C t~  ..  I 

p-p.l  r)—<;3),  I 

here  u,  v,  w - components  of  the  speed  of  particles  of  gas  in  the 
direction  of  an  increase,  respectively,  of  -f.  n.  <+ : p - density 
and  pressure,  T - absolute  temperature:  ; = -^=,  A = . 

The  members  with  subscript  "1"  in  formulas  (2)  give  the  known 
(self-modeling)  solution  to  the  problem  of  boundary  layer;  members 
with  subscript  "2"  occur  as  a result  of  the  vortical  interaction 
of  the  external  flow  and  the  boundary  layer.  Equations  for  “:•  ■£• 
h,  b;  are  analogous  to  the  eauations  for  u,.  ? . «•..  r.  i boundary  con- 
ditions are  different;  therefore  they  are  given  thusly: 

;=0,  Bj-r.-se.-o, 

;—.c,  s-.-sys).  f,-r,(s); 

;=0.  fj-O. 


_ ...  kjfc 
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Here  functions 


A.  A;.  A, 


are  determined  from  the  solu- 


tion to  the  problem  for  the  external,  nonviscous  flow;  Tw  - temper- 
ature of  the  surface  of  the  cone.  An  indirect  evaluation  of  the 
value  of  a check  for  the  results  of  the  normal  theory  of  the  boun- 
dary layer  due  to  the  vortical  interaction  can  be  done  by  means  of 
evaluating  the  multiplier  tfl  in  formulas  (2). 

’’or  example,  for  the  Mach  number  of  an  undisturbed  flow 
*«-20\  a- 10*.  B«0.33:  for  values  M»7  -30s.  a = 5\  3*0.075^  if  we  take 

Re*10^,  then  f = 2 0 - 3 and  for  the  modes  given  above  the  flows  of  the 
cone  are,  respectively: 

i3  5:0.1  and  -'*5:0,6. 

Consenuently,  we  can  anticipate  that  the  corresponding  checks 
are  achieved  in  a number  of  cases  to  tens  of  percents. 
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